The unique plasmonic properties of the noble metal colloidal nanoparticles make them promising enhancement substrates for surface-enhanced Raman scattering. Obtaining of systems that provide ever-increasing enhancement of the Raman scattered light is a big challenge. Silver colloids studied here are prepared by LeeMeisel's method.
Introduction
Silver and gold nanoparticles are the systems which are able to enhance the intensity of the Raman scattered light.
The rst experimental and theoretical reports on surface-enhanced Raman scattering (SERS) [13] The enhancement of intensity Raman scattered light is mainly a result of electric eld enhancement of both incident and scattered lights on the metal nanoparticles, e.g.
on nanostructures forming the rough surface [9, 10] or on nanoparticles dispersed in solution. This enhancement called as electromagnetic (EM) enhancement is related to the resonance excitation of surface plasmons localized in * corresponding author; e-mail: skrusz@cm.umk.pl metal nanoparticles. Plasmons excited in metal nanoparticles have the characteristic frequencies depending on sizes, shapes and dielectric functions of nanoparticles and surrounding medium [11, 12] . Conditions for occurring of large EM enhancement are fullled for silver, gold and copper, only. If metallic nanoparticles are placed in the eld of light and frequency of this light is equal or close to frequency of plasmonic oscillations on the surface of these nanoparticles, the resonance enhancement of electric eld of light occurs [13] . If molecules are placed in sites, where electric eld of light is enhanced, the intensity of the Raman scattered light is also enhanced, locally even more than 10 [18] .
In this chapter some aspects of the near eld problem are illustrated by the results of authors' calculations.
The energy ow (the Poynting vector) and electric eld enhancement around isolated metallic nanospheres are calculated from original Mie theory. However, the distribution of near eld around an ensemble of nanoparticles as well as the enhancement factor for SERS of molecules placed between them are obtained using GMM approach. In Fig. 1 one can see the complex pattern of energy ow in the near-eld region surrounding a silver nanoparticle.
The graphic also shows how it changes with dierent frequency of incident light. The illustration shows a few interesting phenomena occurring in the vicinity of plasmon resonance, in particular, the existence of singularities and the formation of optical vortices. These phenomena are discussed in detail in [19] . From point of view of this paper the most interesting is the fact that close to the resonance condition lines of energy ux can enter into the nanoparticle not only from the front (with respect to a power source) but also from the shadow side. As a result the nanoparticle can absorb much more radiation than that given by its geometrical cross-sections. nanospheres. Calculations were performed using GMM method.
(ω e ) and scattered (Stokes-shifted; ω s ) radiation
If the plasmon resonance band is broad and the dier- Extinction spectra can be calculated on the basis of the Mie theory (see Fig. 6 ). According to this theory the extinction cross-sections of homogeneous diamagnetic sphere of radius a and dielectric permittivity ε placed in the medium of permittivity ε med can be expressed as a sum of series of multipolar terms
where k = (2π/λ) √ ε med (λ). λ is the wavelength in vacuum. The coecients a n and b n of this innite series are obtained from appropriate boundary conditions at the surface of the sphere and are given by
and 
Silver colloids production and samples preparation
The nanoparticles used in experiments were prepared by chemical reduction of silver nitrate with trisodium citrate using a modied Lee and Meisel method [20] . Mechanism of reaction can be rewritten as follows: This problem is in more detail discussed in authors' previous paper [22] .
As one can see in Fig. 7B the results of consecutive DLS measurements are strongly correlated with the changes in absorption spectra. For KCl concentration ranging from 3.33 mM to 33.3 mM the measured average radius of aggregates increased from slightly less than 50 nm to about 70 nm. These relatively small changes in modal value of the presented particle size distributions suggest that during the rst minute after preparation of the samples orientation with respect to them [24] . It can facilitate the dimerization of dye molecules [25] . DLS measurements (Fig. 9C and D) clearly show that the aggregation proceeds faster for higher concentration of aggregating agent. The fairly rapid decline in the intensity of DLS at higher chloride concentration is probably the result of the reduction in the number of scattering objects due to sedimentation of large aggregates. The strong correlation between presented DLS results and changes of the intensity of the Raman signal conrms that the aggregation of nanoparticles is necessary to achieve an eective SERS enhancement.
SERS enhancement factor
Both rhodamine 6G and rhodamine B are strongly uorescent compounds so due to intense background of uorescence emission it is hard to precisely estimate an enhancement factor of the Raman signal. The intensity of vibrational bands is very weak in comparison to uorescence intensity and it causes the main diculty. The enhancement factor can be described as The smallest amount of rhodamine B for which the distinct SERS spectra was recorded was 1 nM.
The observed SERS enhancement is, in fact, an average over a very broad distribution of enhancements present in all places occupied by molecules of rhodamines within the whole scattering volume. As one can conclude from 
Conclusions
The theoretical predictions as well as the experimental results presented in this work show a decisive role of the aggregation of nanoparticles in its SERS-activity. The prerequisite for the aggregation is a signicant lowering of the energy barrier to the attraction between particles.
In the case of negatively charged LeeMeisel sol chloride are able to promote this process. Colloidal solution with the addition of small amount of chloride is characterized by relatively good stability and controllability of the aggregation. However, due to the various kinetics of this process under dierent ionic strength of solutions it is hard to determine the optimal moment for SERS measurement.
Chloride ions not only eectively aect EM enhancement of SERS but also contribute to CT mechanism. Due to the co-adsorption with rhodamines studied here chlorides allow the dye molecules to interact directly with silver surface, that results in the additional enhancement of the Raman scattering.
